Four trials were conducted to determine the effect of different levels of nodular worm (Oesopbagostomum spp.) infection on the performance of growing-finishing swine and on digestion and absorption of nutrients by the growing pig.
performance of growing-finishing swine and on digestion and absorption of nutrients by the growing pig. In each of two growing-finishing trials, 48 crossbred pigs (average body weight 26.6 kg in trial 1 and 24.4 kg in trial 2) were individually housed and given a single infection of nodular worms (0, 550, 1,100 or 1,650 infective larvae/kg body weight in trial 1 and O, 1,500, 3,000 or 4,500 infective larvae/kg body weight in trial 2). At 21 days postinfection, pigs given either 1,100 or 1,650 nodular worm larvae/kg body weight required more feed (P<.05) per unit of gain than pigs not infected, but for the 77-day test period, as a whole, nodular worms did not significantly affect performance. In trial 2, pigs given either 3,000 or 4,500 nodular worm larvae/kg body weight were lighter (P<.05) and gained weight slower (P<.05) for the first 21 days postinfection than pigs not infected, while pigs given 4,500 larvae gained slower (P<.05) than pigs on the other three treatments. During the first 21 days after infection, pigs given 4,500 larvae/kg body weight consumed less feed (P<.05) than pigs t Dept. of Anim. Sci. 2Present address: Dept. of Vet. Microbiol. and Parasitol., School of Veterinary Medicine, Louisiana State Univ., Baton Rouge 70803.
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given either 0 or 1,500 larvae. Even at the higher levels of infection, nodular worms did not significantly affect performance over the entire 77-day test period. In each of the two other trials, eight crossbred barrows (average body weight 28.8 kg in trial 1 and 28.4 kg body weight in trial 2) were examined for the effects of two levels of nodular worm infection (0 and 4,950 larvae/kg body weight) on digestion and absorption of nutrients and on N balance. Pigs experimentally infected had a lower digestion coefficient for dry matter (P< .01), ash (P< .05 ), crude fiber (P<.01), N free extract (P<.05) and
Introduction
Nodular worms (Oesopbagostomum spp.) are economically important nematode parasites and occur in swine in Great Britain, Scandinavia, Canada and the United Sr.ates (Spindler, 1942; Dunn and Jacobs, 1966; Pattison and Thomas, 1976) . Four species of nodular worms, O. dentatum. O. quadrispinulatum, O. brevicaudum and O. georgianum, occur in swine in the United States, with the latter three found chiefly in the South. Swine become infected by ingesting infective larvae from contaminated surroundings. Larvae penetrate and form nodules in mucosa of the large intestine, where they remain for 6 to 8 days. The larvae emerge from nodules over a period of 6 to 30 days and return to the lumen of the large intestine, where they mature and mate. Nodular worms live in the colon of swine of all ages, but adult swine are generally more heavily parasitized than young pigs (Jacobs, 1967a; Pattison and Thomas, 1976) . Pattison and Thomas (1976) reported that pigs experimentally infected with 316 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 2, 1981 O. dentatum gained weight at a slower rate and required more feed per unit of weight gain (P<.01) than did pigs not infected.
This study was conducted to determine the effect of different levels of experimental infection of nodular worms on performance of growing-finishing swine and on digestion and absorption of nutrients by the growing pig.
Experimental Procedure
Exp. 1-Growing-Finishing Trials. In the first trial, 48 pigs (average 26.6 kg and 84 days of age) were divided into four comparable groups of 12 based on sex and initial weight. Each group was assigned to one of four treatments: group 1, 0 nodular worm larvae/kg body weight; group 2, 550 larvae/kg body weight; group 3, 1,100 larvae/kg body weight, and group 4, 1,650 larvae/kg body weight.
In the second trial, 48 pigs (average 24.4 kg and 81 days of age) were divided into four comparable groups of 12 based on sex and initial weight. Each group was assigned to one of four treatments: group 1, 0;group 2, 1,500; group 3, 3,000, and group 4, 4,500 nodular worm larvae/kg body weight.
Composition of the diet fed during the growing-finishing experiment and the digestion and absorption experiment is shown in table 1. Proximate analysis of the diet was conducted by AOAC (1970) methods, except for N, which was determined with a Technicon Autoanalyzer II 7" All pigs were farrowed in an environmentally controlled unit equipped with aluminum slatted floors. Sows and pigs were maintained in confinement, but in spite of good management, the system did not preclude a light infection of some pigs with nodular worms.
Pigs were housed and fed individually in concrete-floored pens (1.22 x 3.66 m), with feed and water supplied ad libiturn. Pens were located under an open shed (eaves 2.1 m high) and oriented north and south in two rows separated by a 1.83-m alley so that two-thirds of each pen was under the roof.
Feces collected from a pig passing nodular worm eggs were mixed thoroughly with water and washed through a 16-mesh screen. After standing overnight, the supernatant water was 71ndustrial Method No. 329 W/A, Technicon Industrial Instruments Corp., Tarrytown, NY 10591. CEach kilogram of vitamin premix contained 1.50 g riboflavin, 4.5 g pantothenic acid, 6.5 g niacin, 65 g choline chloride, 10 mg vitamin Bt2 , 880,000 IU vitamin A, 440,000 IU vitamin D a and 1,000 IU vitamin E.
dEach kilogram of antibiotic premix contained 22 g chlortetracycline.
decanted and the fecal slurry containing the eggs was mixed with equal parts of coarse, sterile sphagnum moss and vermiculite. The cultures were covered tightly with aluminum foil and incubated at room temperature for at least 7 days. Third stage larvae were recovered by baermannization overnight in cool tap water. Larvae were concentrated by centrifugation and, after serial dilution, were counted under a dissecting microscope. A quantity of fluid containing the desired number of larvae for each pig was measured into a tube and centrifuged, and excess water was removed. The nodular worm larvae were a mixture of O.
quadrispinulatum and O. dentatum in about a 3 to 1 ratio.
Pigs were restrained with their mouths held open, and the appropriate dose of larvae was poured slowly into the open mouth. The tube was then rinsed with several milliliters of water, and the rinse water was also given by mouth to each pig.
Pigs were infected on day 1 of the experiment and were maintained on test for 77 days. The animals were removed from test and slaughtered at a local meat processing plant. Pigs were stunned with a captive-boh pistol, bled and eviscerated. The digestive organs were separated and opened, and the contents and washings examined for parasites. The parasites recovered were identified and counted. When large numbers of parasites were present, aliquots were taken and all nodular worms in each aliquot were counted.
Data were analyzed by appropriate leastsquares analyses of variance and covariance.
Exp. 2-Digestion and N Balance Trial. In each of two trials, eight crossbred barrows (average 28.8 kg body weight in trial 1 and 28.4 kg in trial 2) were examined for the effect of an experimental infection of nodular worms (4,950 larvae/kg body weight) on digestion and absorption of nutrients and on N balance. The pigs were infected in the same manner as in Exp. 1. Infected and control pigs were transferred to individual metal cages, which allowed total collection and separation of feces and urine, on day 21 after infection. Pigs were maintained in the metabolism cages for a 9-day adjustment period and a 5-clay total collection period that began on day 31 postinfection.
During the digestion trials, pigs were fed from small self-feeders, and any feed spilled from or left in the self-feeders was recorded daily and subtracted from the total amount supplied. Most feeders were empty at feeding time.
Total fecal output was collected daily during each 5-day collection period, frozen and later thawed and composited for analysis. The urine was collected in plastic pans containing 25 ml of 50% sulfuric acid plus 200 ml of water. The daily collection of acidified urine was diluted to constant volume, sampled and composited in containers maintained under refrigeration, and then frozen until analyzed.
Proximate analyses of diets and feces and N content of diets, feces and urine were performed by the same methods used for the diet in Exp. 1. The data were analyzed for statistical differences in a generalized least-squares program.
Results and Discussion
Exp. 1-Growing-Finisbing Trials. Adjusted least-squares means for performance by pigs not infected and by those experimentally infected with nodular worms in trial 1 are shown in table 2. Because initial weight affected (P<.01) rate of gain and feed efficiency, means for performance were adjusted to a common initial pig weight of 26.6 kilograms.
Final weight, average daily gain (ADG) and feed consumed were not significantly altered by infection with low levels of nodular worms. However, pigs in group 1 (no infection) gained weight about 11% faster during the first 21 days after injection than pigs in groups 3 and 4 (1,100 and 1,650 larvae/kg body weight). Also, pigs in group 1 required less (P<.05) feed per unit of gain than pigs in groups 3 and 4. For the 77-day test period, as a whole, final weight, ADG, feed consumed and feed to gain ratio did not differ significantly between groups. The pigs infected with a single dose of nodular worms were able to overcome any earlier adverse effects and performed similarly to those not infected.
There was extreme variation among infected pigs in numbers of nodular worms recovered at slaughter. The range in numbers was 540 to 3,400, 70 to 5,410 and 320 to 4,220 for pigs in groups 2, 3 and 4, respectively. Mean numbers of nodular worms at slaughter for pigs in groups 2, 3 and 4 were 1,810, 2,171 and 1,874, respectively. A total of 90 nodular worms was recovered from five pigs in group 1.
The percentages of nodular worms recovered from pigs in groups 2, 3 and 4 were 12.4, 7.4 and 4.3, respectively. These percentages are small but fall within the range of 2.1 to 15.1 from nine experiments reported by Hass et al. (1972) . Marti et al. (1978) recovered 5.5% of the nodular worms from pigs given 4,940 larvae each, while McCracken and Ross (1970) reported that the percentages of larvae recovered were generally below 5 and rarely 15 or higher.
Adjusted least-squares means for performance of pigs not infected and those experimentally infected with nodular worms in trial 2 are shown in table 3. Means were adjusted to a common initial pig weight of 24.4 kilograms. For the first 21 days postinfection, final weight, ADG and feed consumed were significantly lower at the higher levels of infection. Pigs in group 1 (no infection) were 7 and 11% heavier (P<.05), respectively, than pigs in groups 3 and 4 (3,000 and 4,500 nodular worms/kg body weight). Also, the ADG of pigs in group 1 was 14% higher (P<.05) than that of pigs in group 3. The ADG. of pigs in group 3 was 14.5% higher (P<.05) than that of pigs in group 4. Pigs in group 1 consumed more feed (P<.05) than pigs in group 4; however, the amount of feed required per unit of gain by pigs in groups 3 and 4, although 7.6% greater, was not statistically different from that required by pigs in group 1.
Final weight, ADG, feed consumed and feed to gain ratio were not significantly different between groups over the 77-day trial, as a whole. Thus, as in trial 1, once pigs recovered from the single exposure to even larger doses of nodular worms, they compensated for their poor early performances.
Pigs infected with two species of Oesopbagostomum (3,000 to 4,500 larvae/kg body weight) made better gains and had better feed to gain ratios than pigs infected with only O. dentatum at a comparable level of 3,334 larvae/kg body weight (Pattison and Thomas, 1976) . Differences may be attributable in part to the areas of the large intestine that were parasitized, as Jacobs (1967b) has shown that the majority of 0. quadrispinulatum in monospecific infections aMeans adjusted to a common initial pig weight of 24.4 kilograms.
bTwelve pigs per group were housed and fed individually.
CStandard error of the mean.
d'e'fMeans in same row with different superscripts are different (P<.05).
are found in the cecum and proximal portion of the colon. The majority of O. dentatum in monospecific infections are in the mid portion of the colon. In dual infection, populations
show considerable overlap, with O. quadrispinulatum tending to be more distal and O. dentatum more proximal. Also, our pigs were full-fed to higher weights (92 kg), while those of Pattison and Thomas (1976) were limit-fed to lighter weights (65 kg). Again, there was great variation among infected pigs in numbers of nodular worms recovered at necropsy. The range was 40 to 7,710, 800 to 9,300 and 930 to 21,310 for pigs in groups 2, 3 and 4, respectively. Mean numbers of worms for pigs in groups 2, 3 and 4 were 3,391, 4,216 and 4,860, respectively. A total of 288 nodular worms was recovered from seven pigs in group 1. The percentages of nodular worms recovered from pigs in groups 2, 3 and 4 in trial 2 were 9.3, 5.8 and 4.4, respectively. These percentages, although small, were similar to those obtained in trial 1.
The number of nodular worms recovered as a percentage of the number of larvae given tended to decrease as the infecting dose increased, in both trials. There was a substantial difference in percentage of recovery between the three low doses (12.4, 9.3 and 7.4%) and the three high doses (5.8, 4.4 and 4.3%). This difference suggests that a strong host reaction is elicited at dose levels of above 1,500 larvae/kg body weight, which limits the number of nodular worms that are able to survive and develop in the host.
Exp. 2--Digestion and N Balance Trials.
Digestion coefficients for dry matter, ether extract, ash, crude fiber and N free extract (NFE) for pigs not infected and for those experimentally infected with nodular worms in trials 1 and 2 are shown in table 4. There were significant differences due to trial in digestion coefficients for ash and crude fiber. Pigs in trail 1 had higher digestion coefficients for ash (P<.01) and lower digestion coefficients for crude fiber (P<.05) than did pigs in trial 2. We have no plausible explanation for these differences, since diets and environmental conditions were similar in both trials.
Pigs not infected had higher digestion coefficients for dry matter (P<.01), ash (P<.05), crude fiber (P<.01) and NFE (P<.05) than did pigs infected with nodular worms. These observations agree with those of Pattison and Thomas (1976) , who reported a depression in digestibility of dry matter, organic matter, crude fiber, protein and gross energy in pigs experimentally infected with O. dentaturn.
There was no significant difference in digestion coefficients for ether extract between pigs not infected and those experimentally infected with nodular worms. This is our second experience with a nematode parasite inhabiting the large intestine that did not depress digestion coefficients for ether extract. In fact, in the other study (Hale and Stewart, 1979) , we found that pigs experimentally a'bMeans in each data set with different superscripts are different (P<.01).
C'dMeans in each data set with different superscripts are different (P<.05).
eEach pig was experimentally infected with 4,950 nodular worm larvae/kg body weight; larvae were composed of O. quadrispinulatum and O. dentatum in about a 3 to 1 ratio.
infected with Trichuris suis (swine whipworm) actually had higher digestion coefficients for ether extract (P<.05) than pigs not infected.
N intake, excretion, balance and digestibility data are shown in table 5. Pigs in trial 1 had higher N intakes (P<.05), balance (P<.01) and digestion coefficients (P<.05) than did pigs in trial 2. Since the diets fed in the two trials contained similar amounts of N, the difference in N intake was due to increased feed intake by pigs in trial 1. Pigs not infected had a higher N balance (P<.05) and higher digestion coefficients (P<.05) than did pigs experimentally infected with nodular worms. Pigs not infected retained 51.6% of the N consumed, while those experimentally infected retained 47.4%.
Nodular worms in swine evidently do not produce the extent of damage that similar numbers of whipworms do. It appears that the detrimental effect of a large single dose of nodular worms occurs during the first 21 days after infection. According to Galloway (1972) , there are three ways in which nodular worms may harm the pig-(1) through toxic action, (2) through mechanical injury and (3)by introducing pathogenic microflora-all of which are manifested soon after infection. Danilyavichius and Matusyavichyus (1968) found a significant increase in fecal alkaline phosphatase level during days 3 to 24 after pigs were infected with O. dentatum larvae. Also, growing-finishing swine are able to overcome the detrimental effects of a single massive dose of nodular worms if they are maintained in a favorable environment and allowed free access to an adequately balanced diet. Bawden (1969) 9 found that the performance of sheep infected with O. columbianum was improved if the animals were maintained on a high plane of nutrition.
